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OPTICAL SWITCH 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on and hereby claims priority to 
Japanese Application No. 2004-315 644 ?led on Oct. 29, 2004 
in Japan, the contents of Which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical sWitch Which 
sWitches paths by Wavelengths. 

2. Description of the Related Art 

For accommodating vastly increasing intemet tra?ic, opti 
cal networks, such as WDM (Wavelength Division Multi 
plexing) communication systems, are rapidly spreading. 
Although point-to-point netWorks are the mainstream of the 
present WDM, ring-type netWorks and mesh-type netWorks 
Will be more developed in the near future, and at each node 
Which forms a netWork, adding/ dropping of arbitrary Wave 
lengths and Optical Cross Connect (OXC), in Which conver 
sion into electricity is not performed, Will be available, and 
dynamic path setting/release on the basis of Wavelength infor 
mation Will also be available. 

An optical sWitch (hereinafter Will be also called the 
“Wavelength-selective sWitch”) Which the present invention 
relates to is placed in a node in a mesh-type netWork as shoWn 
in FIG. 10 and in a ring-type netWork as shoWn in FIG. 11 
(reference character 100 designates an Wavelength-selective 
sWitch in FIG. 10 and FIG. 11), and assigns input Wavelengths 
to arbitrary output ports. Here, in the mesh-type netWork of 
FIG. 10, reference characters 200 and 300 designate a multi 
plexing unit and a demultiplexing unit, respectively. In the 
ring-type netWork of FIG. 11, reference characters 201 and 
301 designate a multiplexing unit for add light and a demul 
tiplexing unit for drop light, respectively. 

This assignment function is equal to a function of a cross 
bar sWitch for each Wavelength as shoWn in FIG. 9. That is, 
the Wavelength selective sWitch module (hereinafter Will be 
simply called the “Wavelength selective sWitch) 100 of FIG. 9 
includes, for example, demultiplexing units 101 according to 
the number of input ports corresponding to the input optical 
paths (input ?bers), 2><2 sWitches 102, and multiplexing units 
103 according to the number of output ports corresponding to 
the output optical transmission paths (output ?bers). The 
demultiplexing unit 101 separates WDM light, input from the 
input port, by Wavelength (channel), and each Wavelength is 
sWitched (cross or bar sWitching) by any of the 2x2 sWitches 
102 according to the setting, and any of the multiplexing units 
103 multiplexes the Wavelength of light With other Wave 
lengths of light, and outputs the WDM light to the corre 
sponding output port. 

For example, as shoWn in FIG. 9, WDM light at Wave 
lengths of k2, k5, and H6 is input to input port #1, and WDM 
light at Wavelengths of k1, k3, k4, and k7 are input to input 
port #2. Light at Wavelengths of 7», k4, and k6 is sWitched by 
the 2x2 sWitches 102, by cross or bar sWitching, to be output 
to the output port #1, and light at the remaining Wavelengths 
of k2, k3, k5, and k7 are sWitched to be output to the output 
port #2. In FIG. 9, reference character 104 designates a gain 
equalization (optical attenuator) function. In a Wavelength 
selective optical sWitch 100 of a spatial join type, the light is 
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2 
collected onto the output ?ber at a position appropriately 
offset from the center of the core, so that the amount of light 
coupled to the core is varied. 

Speci?cally, as shoWn in FIG. 12, a knoWn spatial-join 
type Wavelength-selective sWitch 100 has a collimator array 
111, Which forms an input/output optical system, a spectro 
scope 112, Which forms a spectroscopic optical system for 
separating input WDM light by Wavelength, a collective lens 
113, Which forms a focusing optical system, and a micro 
mirror array unit 114, Which is a sWitching device. These 
elements are formed on a substrate 110. 

Here, in the collimator array 111, micro lenses (collimate 
lens; hereinafter Will be simply called the “lenses”) are 
arranged/formed on one side of a glass substrate. On the other 
side of the substrate, optical ?bers are adhered or fused to the 
positions corresponding to the lenses arranged on the other 
side so that the optical axes, that is, the centers of the lenses 
and the centers of the ?ber cores, match each other. Light 
entering a lens from an input optical ?ber is converted into 
collimate light, Which is then output to the spectroscope 112. 
On the other hand, collimate light entering a lens from the 
spectroscope 112 is focused onto the core of an output ?ber. 
The collimator array 111 of FIG. 12 is a l-input and 3-output 
collimator array, Which has four optical ?bers in total, one 
input ?ber 111-1 Which corresponds to an input port, and 
three output ?bers 111-2, 111-3, and 111-4 Which correspond 
to output ports. 
The spectroscope 112 re?ects incident light in different 

directions (angles) by Wavelength, and it is normally realiZed 
by a diffraction grating. FIG. 14 shoWs a construction of a 
typical diffraction grating (partially expanded cross sectional 
vieW). A diffraction grating is a Well-known optical device 
formed by a glass substrate 120 on Which multiple parallel 
grooves are formed at regular intervals. UtiliZing diffraction 
phenomenon of light, the diffraction grating gives component 
Wavelengths, input at a speci?c angle (0t), different angles of 
emergence ([3). This action makes it possible to separate 
incident WDM light into its component Wavelengths. 
The diffraction grating of FIG. 14 has grooves shaped like 

saW teeth to improve diffraction ef?ciency, and is called 
blaZe-type diffraction grating. In addition to the diffraction 
grating of a re?ection type of FIG. 14 Which re?ects incident 
light, there is another type (transmission-type) of diffraction 
grating Which transmits incident light and realiZes a Wave 
length-separating action equal to the re?ective-type diffrac 
tion grating. If a transmission-type diffraction grating is 
employed, collective lens 113 and micro mirror array unit 114 
should be arranged after the transmission-type diffraction 
grating. 
The micro mirror array unit 114 functions as a sWitching 

device Which re?ects incident light input from the input ?ber 
111-1 to any of the output ?bers 111-2, 111-3, and 111-4, 
thereby realiZing a port sWitching function. In the micro 
mirror array unit 114, micro mirrors (hereinafter Will be 
called “MEMS mirrors”) 140 (see FIG. 15), such as MEMS 
(Micro Electro Mechanical Systems), are arranged in array 
form. Speci?cally, MEMS mirrors 140 are provided, one for 
each of the Wavelengths separated by the spectroscope (dif 
fraction grating) 112. Tilt angles of the MEMS mirrors 140 
are variable as shoWn in FIG. 13(A) and FIG. 13(B), and an 
output port of each component Wavelength is determined 
(sWitched) according to the tilt angle. 
The collective lens 113 collects a Wavelength of light sepa 

rated by the spectroscope 112 to a speci?c MEMS mirror 140, 
and it also collects light re?ected by any of the MEMS mirrors 
140 to output to the collimator array 111 via the spectroscope 
112. 
















